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In	situ	hybridiza3on	
•  grp:	In	zebrafish,	xenopus,	and	chicken,	grp	is	expressed	in	homologues	of	the	mammalian	BLC	amygdalar	area	and	to	a	
lesser	extent	in	homologues	of	the	mammalian	cortex.	
•  gpc3:	gpc3	is	expressed	in	the	mammalian	intercalated	amygdala,	which	has	not	been	iden9fied	in	other	vertebrates.	Our	
results	show	that	gpc3	is	expressed	in	(xenopus)	or	adjacent	to	(zebrafish	and	chick)	the	homologue	of	the	mammalian	BLC.		
•  prkcd:	In	mammals,	prkcd	is	expressed	in	the	lateral	part	of	the	central	amygdala.	A	homologue	of	the	central	amygdala	has	
been	iden9fied	in	the	other	species,	and	prkcd	is	expressed	in	part	of	the	central	amygdala	in	zebrafish	and	xenopus.	Thus	
prkcd-homologous	cells	are	present	in	a	similar	pabern	in	fish,	amphibians,	and	mammals.		
	
The	comparable	paberns	of	labeling	support	our	hypothesis	that	despite	evolu9onarily	different	development	of	the	forebrain	
in	diverse	vertebrates,	different	types	of	neurons	are	organized	in	similar	amgydalar-like	regions,	sugges9ng	that	they	have	a	
highly	conserved	neural	network	for	fear	regula9on.	
	
Behavioral	analyses	
Ini9al	analyses	of	chronic	anxiety	behaviors	in	zebrafish	show	that:	
•  grpr	and	gpc3	mutant	fish	show	a	trend	toward	increased	avoidance	of	mo9on,	which	is	a	sign	of	increased	fear	and	
anxiety	behaviors,	consistent	with	our	hypothesis.	
•  grp	mutant	fish	show	a	decreased	9me	spent	near	the	edge	in	the	presence	of	the	moving	ball,	which	may	reflect	the	small	
number	of	fish	tested.	This	is	contrary	to	our	hypothesis	that	the	mutant	zebrafish	prefer	the	edge	and	the	top	with	the	
moving	ball	compared	to	their	wildtype	and	heterozygous	counterparts.	
	
Preliminary	behavioral	research	suggests	that	similar	cell	types	may	be	essen9al	for	the	appropriate	regula9on	of	fear	
behaviors.		
	
Future	research.	In	the	future,	we	will	make	a	new	probe	to	label	prkcd	in	chicken.	Rela9vely	few	neurons	expressed	prkcd	in	
young	xenopus,	so	we	will	use	older	xenopus	to	see	if	more	cells	express	prkcd	in	older	animals.	Also,	Dr.	Bruce’s	lab	will	use	a	
more	complex	behavioral	test,	cued	fear,	to	examine	fear	behaviors	in	adult	zebrafish.	We	will	also	increase	the	number	of	
animals	for	the	behavioral	test	(especially	the	mutants).	
	
Clinical	implica3ons.	Trends	from	the	behavioral	assays	suggest	that	mutant	zebrafish,	mice,	and	humans	exhibit	similar	
behavioral	problems	when	the	same	genes	are	absent.	Researchers	can	use	the	mutant	zebrafish	as	models	to	iden9fy	
treatments	for	au9sm	and	PTSD.		
	gpc3:	Humans	with	gpc3	muta9ons	
have	aben9on	deficit	disorder	and	
distorted	speech	(Bus9	et	al.,	2011).	
gpc3	neurons	are	required	to	ex9nguish	
condi9oned	fear	in	mice.		
	
Results:	gpc3	-/-	fish	showed	no	change	
in	edge	preference	compared	to	wt	and	
het.	The	heterozygotes	avoided	the	
moving	ball	and	preferred	to	the	
sta9onary	field,	like	most	fish.	The	wt	
and	mutants	will	probably	show	similar	
significance	as	the	heterozygotes	with	a	
higher	sample	size.		
grpr:	Children	with	grpr	mutants	exhibit	
au9sm	and	panic	disorders.	Mice	exhibit	
greater	and	more	persistent	fear	memories	
(Bédard	et	al.,	2007;	Ishikawa-Brush	et	al.,	
1997).	
	
	Results:	grpr	-/-	fish	showed	no	change	in	
edge	preference	compared	to	wt	and	het.	
All	fish	avoided	the	moving	ball	preferring	
the	sta9onary	field.	There	is	a	trend	for	grpr	
mutants	to	increase	avoidance	to	the	
moving	ball	compared	to	wt	and	het	fish,	
which	may	be	resolved	with	a	greater	
sample	size.		
		
grp:	In	mice,	grp	poten9ates	the	fear	startle	
response,	so	we	hypothesized	that	grp	-/-	
zebrafish	would	show	increased	avoidance	of	
anxiety-producing	behaviors,	so	increased	
edge	preference	or	mo9on	avoidance.	
	
Results:	grp	-/-	zebrafish	decreased	9me	
spent	near	the	edge,	but	showed	no	
difference	in	mo9on	avoidance	compared	to	
het	and	wt	fish.	This	is	most	likely	due	to	the	
small	sample	size,	but	might	be	due	to	
developmental	responses	to	absence	of	grp	
are	different	than	if	grp	is	manipulated	in	the	
adults.		
grp,	gpc3,	and	prkcd	RNA	are	expressed	in	neurons	that	are	part	of	the	amygdalar	circuitries	that	are	cri9cal	for	regula9ng	fear	
behaviors.	
grp:							(gastrin	releasing	pep9de;	bombesin)	Poten9ates	the	fear	startle	response	(Bédard	et	al.,	2007)	
															Located	in	amygdalar	neurons	in	the	BLC	(basolateral	complex)		
gpc3:					(glypican	3)	–	gpc3	neurons	are	required	to	ex9nguish	(unlearn)	a	condi9oned	fear	associa9on	(e.g.	red	light	and	shock).		
															Humans	with	gpc3	muta9ons	have	aben9on	deficit	disorder	and	distorted	speech	(Bus9	et	al.,	2011).	
															Located	in	intercalated	neurons	(adjacent	to	the	BLC)	
prkcd:				(proteinase	K	delta)	–	Ac9va9on	of	prkcd	neurons	decrease	freezing	behaviors	(Haubensak	et	al.,	2010).				
grp	is	expressed	mainly	in	N	(nidopallium,	dark	blue),	and	somewhat	in	H	
(hyperpallium,	light	blue),	which	are	the	proposed	homologues	of	the	
mammalian	BLC	and	cortex.	
	
gpc3	is	expressed	mainly	in	a	previously	uniden9fied	group	which	we	call	
“I”	(intercalated	group,	yellow),	similar	to	the	mammalian	pabern	of	
expression	in	the	intercalated	amygdala.	
	
grp	is	expressed	mainly	in	neurons	in	VP	(dark	blue),	
and	somewhat	in	DP,	which	is	the	proposed	
homologues	of	the	mammalian	BLC	and	cortex,	
respec9vely.	
	
gpc3	is	expressed	mainly	in	VP	(yellow),	similar	to	
the	mammalian	pabern	of	expression	in	the	
intercalated	amygdala.	
	
prkcd	is	expressed	mainly	in	neurons	in	the	CeA	
(central	amygdala	homologue,	orange),	similar	to	
mammalian	pabern	of	expression	in	the	lateral	part	
of	the	central	amygdala.	
	
The	combinatorial	pabern	suggests	evolu9onary	
conserva9on	of	the	amygdalar	neural	network	for	
fear	behaviors.	
	
grp	is	expressed	mainly	in	Dm	(dark	blue),	which	
is	the	proposed	homolog	of	the	mammalian	BLC,	
and	somewhat	in	Dc	(light	blue),	which	is	the	
proposed	homolog	of	the	mammalian	cortex.		
	
gpc3	is	expressed	mainly	in	Vd	(yellow),	with	
scabered	neurons	in	Dm,	similar	to	the	
mammalian	intercalated	amygdala	pabern			
	
prkcd	is	expressed	mainly	in	CeA	(central	
amygdala	homologue,	orange),	similar	to	
mammalian	pabern	of	expression	in	the	lateral	
part	of	the	central	amygdala.	
In	situ	hybridiza9on	(ISH)	
Prepara3on:	The	brain	of	the	animal	is	dissected	and	placed	in	gela9n.	The	gela9n	is	placed	in	a	fixa9ve	solu9on	containing	4%	
formaldehyde	and	phosphate	buffered	saline	(PBS).	
Day	1:	The	brain	is	cut	into	slices	of	between	30-100	um	using	a	freezing	microtome.	The	sec9ons	are	then	dehydrated	and	
rehydrated	using	various	concentra9ons	of	methanol.	Then,	the	sec9ons	are	digested	with	Proteinase	K	and	prehybridized	in	a	
solu9on	of	formamide,	SSC,	tRNA,	and	heparin.	Once	the	denatured	DIG-labeled	riboprobe	is	added,	the	sec9ons	sit	over	night	
at	56°	C.		
Day	2:	The	sec9ons	are	washed	with	1x	SSC,	2x	SSC,	0.2x	SSC	and	MABT.	AZer	the	washes,	the	sec9ons	are	placed	in	block	
solu9on.	The	an9-dig	is	added	and	the	sec9ons	sit	overnight	at	4°	C.		
Day	3:	The	an9body	solu9on	is	removed	and	the	sec9ons	are	washed	with	MABT	and	AP	buffer.	Then,	BM	purple	is	added.	
Once	the	sec9ons	are	adequately	stained,	they	are	mounted	on	a	slide	and	reviewed	under	light	microscopy.			
	
	
grp	 gpc3	
grpr	
(grp	receptor)	
gpc3		grp		
gpc3		grp		 prkcd	
gpc3		grp		 prkcd	
Edge	Preference	Edge	Preference	Edge	Preference	
Top	Preference	 Top	Preference	Top	Preference	
An	assay	for	anxiety	was	conducted	with	Danio	rerio	to	determine	how	grp,	
grpr,	and	gpc3	mutants,	wild	types,	and	heterozygotes	respond	to	a	moving	
ball	by	loca9on	preference	(edge	vs.	middle)	and	mo9on	avoidance	(s9ll	vs.	
moving	ball).		
Symbol	 Meaning	
ns	 p	>	0.05	
*	 p	≤	0.05		
**	 p	≤	0.01		
***	 p	≤	0.001		
